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(g) A simultaneous voice and data modem per- 
forms "voice-activated" data rate changes to 
improve the transmission quality of the voice 
signal. In particular, when the simultaneous 
voice and data modem detects that a local 
telephone set has gone "off-hook," the simul- 
taneous voice and data modem selects a signal 
space with a lower symbol density, which, 
although resulting in fewer bits per symbol, 
provides for a higher quality voice transmission. 
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Background of the Invention 

The present invention relates to data communica- 
tions equipment and, more particularly, to the detec- 
tion of a voice signal In a simultaneous voice and data 
communications system. 

The co-pending, commonly assigned, U.S. Pa- 
tent application of Gordon Bremer and Kenneth D. Ko 
entitled "Simultaneous Analog and Digital Communi- 
cation," serial No. 08/076505, filed on June 14, 1993, 
describes a simultaneous voice and data communica- 
tions system in which a voice signal is added to a data 
signal for transmission over a communications chan- 
nel to a receiving modem. 

In this simultaneous analog and digital communi- 
cation system, the data signal to be transmitted is rep- 
resented by a sequence of data symbols, where each 
data symbol is associated with a particular N-dlmen- 
sional signal point value taken from a signal space. 
Similarly, the analog signal, which is represented by 
a voice signal, is processed so that it is mapped into 
the N-dimensional signal space to provide a voice sig- 
nal point. This voice signal point defines the magni- 
tude and angle of a voice signal vector about the ori- 
gin of the signal space. The data symbol and the voice 
signal vector are then added together to select a re- 
sultant N-dimensional signal point, which is then 
transmitted to a far-end modem. 

Upon reception of the transmitted N-dlmensional 
signal point, the receiver of the far-end modem de- 
tects the embedded data symbol and subtracts the 
data symbol from the received N-dimensionai signal 
point to yield the voice signal vector. This voice signal 
vector is then used to recreate the voice signal. 

Using this above-mentioned technique to simul- 
taneously transmit voice and data, the quality of the 
voice signal is affected by the underlying data rate as 
described In the co-pending, commonly assigned, 
U.S. Patent application of Gordon Bremer, Kenneth 
D. Ko, and Luke J. Smithwick, entitled "Shaped Sig- 
nal Spaces in a Simultaneous Voice and Data Sys- 
tem." serial No. 08/076530, filed on June 14, 1993. 
Generally speaking, when transmitting data plus 
voice the higher the data rate - the lower the quality 
of voice transmission. This is because at a higher 
transmission rate, the data symbols are closer togeth- 
er, which results in a lower dynamic range for the 
voice signal. Therefore, when transmitting a voice 
signal, it is preferable to reduce the number of sym- 
bols in the data signal space in order to increase the 
allowable dynamic range of the voice signal - which 
concomitantly improves the quality of the voice trans- 
mission. 

Summary of the Invention 

A simultaneous vokse and data modem performs 
"voice-acth^ated" data rate changes as a function of 
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the presence of the voice, i.e., analog, signal. This im- 
proves the transmission quality of the voice signal by 
changing the signal space to one that allows for a 
greater dynamic range of the votee signal. 

In an embodiment of the invention, when a simul- 
taneous voice and data modem detects that a local 
telephone set has- gone "off-hook." the simultaneous 
voice and data modem selects a signal space with a 
lower symbol density, which, although resulting in 
fewer bits per symbol, provides for a higher quality 
voice transmission. As a result, the simultaneous 
voice and data modem switches from a "data-only" 
state to a "data-and-analog" state. The simultaneous 
voice and data nfKxlem transmits the state informa- 
tton via a skie channel to a compatible far-end mo- 
dem. 

Brief Description of the Drawing 

FIG. 1 shows a block diagram of a simultaneous 
voice and data communications system embody- 
ing the principles of the invention; 
FIG. 2 shows an illustrative symbol block; 
FIG. 3 is an illustration of the control bit assign- 
ments for a control segment of a symbol block for 
both the "data-only" and "data-and-analog" 
states; 

FIG. 4 shows a number of illustrative signal 
spaces with different bit rates; 
FIG. 5 is an illustrative flow diagram of a "voice 
activated" data rate change method embodying 
the principles of the invention; 
FIG. 6 is an illustration of the availability of redun- 
dant bits for the control segment at data rates 
higher than 4800 bps; 

FIG.7 shows a block diagram of the transmitter 
portion of a simultaneous voice and data modem 
embodying the principles of the invention; 
FIG. 8 shows a block diagram of the receiver por- 
tion of a simultaneous voice and data modem env 
bodying the principles of the Invention; 
FIG. 9 shows a block diagram of another embodi- 
ment of the transmitter portion of a simultaneous 
voice and data modem; and 
FIG. 10 shows a block diagram of another em- 
bodiment of the receiver portion of a simultane- 
ous voice and data modem. 
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Detailed Description 

A block diagram of a simultaneous voice and data 
communications system is shown in FIG. 1 . In the de- 
scription that follows it is assumed that a communica- 
tk>ns path has already been established between 
user 1 and user 2 of FIG. 1. The communications 
equipment of user 1 includes data terminal equipment 
(DTE) 10, telephone 20, which represents voice 
equipment, and simultaneous voice and data (SVD) 
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modem 100. The latter receives two types of signals 
for transmission to SVD modem 300 - a data signal 
from DTE 10 and a voice signal from telephone 20. 
SVD modem 100 encodes both the data signal and 
the voice signal to provide a combined voice and data s 
signal for transmission, via local loop 101, public 
switched telephone network (PSTN) 200, and local 
loop 301, to SVD modem 300. The basic operation of 
a simultaneous voice and data modem, other than the 
inventive concept. Is described in the above- io 
mentioned Bremer et at. patent application entitled 
"Simultaneous Analog and Digital Communicatbn," 
serial No. 08/076505, filed on June 14, 1993, which 
Is hereby Incorporated by reference. SVD modem 300 
receives the combined voice and data signal trans- is 
mitted by SVD modem 100 and provides the data sig- 
nal to DTE 30. and the voice signal to telephone 40. 
Transmission of data and voice signals In the opposite 
direction, i.e., from SVD modem 300 to SVD nKxlem 
100, occur in a like fashion. In the description thatfol- 20 
lows only SVD modem 100 is described, however, it 
Is assumed that SVD modem 300 also incorporates 
the inventive concept 

FIG. 2 shows a diagram of a transmission 
scheme that includes a side-channel within an SVD 25 
signal. This SVD side-channel not only provides for 
the transport of additional informatbn between the 
SVD endpoints of FIG. 1 - but also allows the voice 
signal to be transmitted across the full bandwidth of 
the SVD data connection. As can be observed from 30 
FIG. 2, information from an SVD modem is provided 
in a frame, or "symbol block," e.g., symbol block 405. 
For the purposes of this example, a symbol block 
comprises 70 symbols. Consecutive symbols within 
each symbol block are identified as SI, S2, S3, .... 3S 
S70. 

Each symbol block is further divided Into a data 
segment, e.g., data segment 406; and a control seg- 
ment, e.g., control segment 407. Let the group of sym- 
bols in the data segment be, for example, SI to SS6. 40 
These are the "data symbols" and always convey 
DTE data. For the purposes of the following discus- 
sion the symbol rate Is Illustratively 3000 sym- 
bols/second (s/sec), although other symbol rates 
may be used, e.g., 2800 s/sec. At a symbol rate of 45 
3000 s/sec, the average data symbol rate of a symbol 
block is equal to (56/70) x 3000)=2400s/sec. Conse- 
quently, if there are6 bits of data per data symbol, the 
resultant data rate is 14400 bits/sec (bps), it is as- 
sumed that this data rate is high enough to meet a so 
user's needs so that the remaining bandwidth of the 
SVD data connection can be allocated to the control 
segment, which provides the side-channel. 

The remaining symbols of the control segment, 
i.e., S57 to S70, are the "control symbols." Usually, ss 
the tatter never convey DTE data, but convey control 
information. Each control symbol represents a num- 
ber of "control bits." The control symbols are encoded 



and scrambled the same as the DTE data symbols, 
e.g., they use the same signal space. The control 
symbols provide the side-channel for conveying addi- 
tional Information between SVD modem 100 and 
SVD modem 300. Although the data symbols repre- 
sent user data and the control symbols represent con- 
trol information, both the data and control symbols 
may also convey analog data, which in this example 
Is the voice signal that Is provkjed to SVD nwdem 100 
by telephone 20 (described below). As a result, the 
side-channel is a part of the simultaneous voice and 
data transmission. 

It should be noted that If a lower symbol rate is 
used, e.g., 2800 s/sec, the size of the data segment 
and control segment changes. For example, if it is as- 
sumed that both the size of each symbol block is fixed 
at 70 symbols and that the average symbol rate of 
2400 s/sec should be maintained, then a symbol 
block at 2800 s/sec. has a data segment of 60 sym- 
bols and a control segment of 10 symbols. 

Although the symbols of the control segment can 
represent any type of information, in this illustrative 
example the control information is further divided as 
shown in FIG. 3 to represent analog parameter infor- 
mation, a state identifier, secondary data, and an in- 
tegrity field. The number of bits available to represent 
the analog parameter informatton is a function of both 
the "state" of the symbol block and the number of bits 
per control symbol (described below). 

The "state" of a symbol block is represented by 
the value of the "state kientif ier field" of the previous 
symbol block. For example, the state of symbol block 
410 of FIG. 2 Is defined by the value of the state iden- 
tifier field of symbol block 405, which preceded sym- 
bol block 41 0. The state of any symbol block in this ex- 
ample is limited to two: "data-only" or 'data-and- 
analog." Consequently, the state identifier field is 
conveniently represented by one bit, illustratively 
control bit number 14 shown in FIG. 3. A value of "one" 
represents the "data-and-analog" state, while a value 
of "zero" represents the "data-only" state. 

SVD modem 100 defaults to the "data-only" 
state, e.g., upon power-up, and the state identifier bit 
is initially set to represent the "data-only" state in any 
subsequent data connection established with SVD 
modem 300. FIG. 4 shows a number of illustrative sig- 
nal spaces for transmitting information between the 
SVD modem endpoints. Although the data symbols 
represent user data and the control symbols repre- 
sent control Information, both the data and control 
symbols are selected from the same signal space. In 
the "data-only" state any of these 6 signal spaces can 
be used to transmit information between the SVD en- 
dpoints. Constellation "A" of FIG. 4 shows a signal 
space where each symbol represents two bits of in- 
formation. Similarly, constellation "E" illustrates a 
signal space where each symbol represents 6 bits of 
information. Preferably, constellation E of FIG. 4 will 
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be used since, conditions permitting, It allows the 
highest transmission bit rate between the SVD en- 
dpolnts. 

There is voice transmission between SVD en- 
dpolnts only in the "data-and-analog" state. As noted 
above, when simultaneously transmitting both voice 
and data, there is a tradeoff between the quality of 
the voice transmission and the size of the symbol con- 
stellation. For example, if constellation E of FIG. 4 is 
used in the "data-and-analog" state, the higher synrv 
bol density reduces the dynamic range of any voice 
signal that is superimposed on any of the symbols tak- 
en from this constellation - with the result that voice 
quality is impaired. Therefore, it is desirable to select 
constellation Aduring voice transmission because the 
fewer symbols of constellation Aatiow a larger dynam- 
ic range for the voice signal - and therefore improves 
the quality of the voice signal transmission. 

In accordance with the Inventive concept, an il- 
lustrative method for use In SVD modem 100 for 
"voice activated" data rate changes is shown in FIG. 
5. At power-up, or the beginning of each data connec- 
tion, SVD modem 100 enters the "data-only" stale In 
step 610. In step 615, SVD modem 100 selects that 
signal space associated with the "data-only" state, 
I.e., the highest data rate negotiated between SVD 
modem 100 and SVD modem 300. SVD modem 100 
monitors telephone 20 in step 620 to check if tele- 
phone 20 has gone "off-hook." As long as user 1 does 
not go off-hook, SVD modem 100 remains in the 
"data-only" state by returning to step 610. However, 
when SVD modem 100 detects that user 1 has taken 
telephone 20 off-hook, SVD modem 100 assumes 
that voice communications Is desired and switches to 
the "data-and-analog" state. The use of a side- 
channel provides the ability to relay this infomiation 
as to the current data signal space to far-end SVD mo- 
dem 300. In step 630, SVD modem 1(M) alters the 
state identifier bit in the current symbol block, e.g., 
block 405 of FIG. 2, to indicate to SVD modem 300 
that the next symbol block, e.g., block 410, will be in 
the "data-and-analog" state. Upon completion of 
transmitting symbol block 405. SVD modem 100 then 
switches to constellation Aof FIG. 4 in step 640 for the 
transmission of symbol block 41 0. Thus, when user 1 
goes off-hook at telephone 20. SVD modem 100 dy- 
namically changes the bit rate to accommodate the 
presence of a voice signal. Consequently, upon re- 
ception of block 405, SVD modem 300 not only knows 
which signal space to use to decode the incoming 
symbol stream from block 410, but also can infer the 
state of the switch hook at telephone 20. 

After switching to the "data-and-analog" state, 
SVD modem 1 00 monitors telephone 20 to detect that 
user 1 has gone "on-hook" in step 650. When user 1 
goes "on-hook," SVD modem 100 returns to step 610 
to set the state identifier field for the next symbol 
block to the "data-only" state and thereafter switches 



data rates back to the last data rate negotiated be- 
tween SVD modem 100 and SVD modem 300. 

Returning to FIG. 3, the number of control bits in 
the control segment is shown as fixed at 28 bits. How- 
5 ever, generally speaking, assuming a constant sym- 
bol rate, the number of control bits available for the 
control segment varies with the number of bits per 
control symbol. For example. In the "data-only" state 
any of the constellations of FIG. 4 may be used. If con- 
10 stellation E is used, there are 6 bits per symbol. 
Therefore, there are 84 bits available in any control 
segment fortransporting control information between 
SVD modem 100 and SVD modem 300. However, in 
the "data-and-analog" state, SVD modem 100 
15 switches to constellation A, which results in only 2 bits 
per symbol, or 28 bits in the control segment for the 
14 control symbols S57 to S70. Consequently, while 
the number of bits in a control segment could indeed 
vary as a functton of the selected signal space, in this 
20 embodiment, the number of bits in the control seg- 
ment is bounded by the number of control bits avail- 
able in the "data-and-analog" state, i.e.. 28 bits. 

In the "data-and-analog" state, control bits A/1 to 
A/13, A/15 to A/22, and A/28, are used to represent 
25 "analog parameter* information. Similar to the state 
indicator field, these analog parameters convey infor- 
mation pertaining to the next symbol block like "adap- 
tive gain" Information in bit locations 15-22 and 28. 
In this example, the analog parameter bit locations 1 
30 - 13 in the "data-and-analog" state are reserved for 
future use. It should be noted that information con- 
veyed by the control segment does not have to be re- 
stricted to infonmation about the "nexT symbol block. 
In a "data-only" symbol block, the transmission of 
35 "analog parametere" is optional. In fact, the number of 
control bits available for the transport of analog para- 
meter information is reduced so that in the "data-only" 
state secondary data is transmitted by control bits A/6 
to A/1 3. Any transmission of secondary data does not 
40 use all of the control bit assignments even though 
there is no "analog parameter" information transmit- 
ted in a "data-only" state. Using these control bit as- 
signments, the secondary data rates at 3000 s/sec. 
is 342 bits per sec. 
45 As noted above, in the "data-only" state higher 
density signal spaces may be used with the result that 
there are more bits available for transport of control 
information than are actually used In the above- 
defined control segment However, there is neverthe- 
50 less a way to use these additional data bits in the SVD 
communications system of FIG. 1 to minimize errors 
in detecting the correct state of a received SVD synrv 
bol block. 

If an SVD receiver makes an error in detecting the 
55 correct state of the received symbol block, this error 
has different effects on a user depending on the cor- 
rect state. For example, if the state of a received sym- 
bol block is "data-only" but the receiver interprets the 
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state as "data-and-analog/ then the receiver will de- 
code data with perhaps the wrong decision regions 
and will enable the analog output - causing a "data 
blast" to the listener. Conversely, if the state is "data- 
and-anaiog" but the receiver interprets the state as 5 
"data-only" then the receiver will inadvertently si- 
lence the analog output. Of these two possible error 
conditions. It Is likely that an enroneous decision that 
the symbol block is In the "data-only" state Is more ac- 
ceptable to a user since the user will only hear si- io 
lence. However, a mistaken decision that the symbol 
block Is In the "data-and-analog" state may be more 
annoying to a user because of the likelihood a user 
wilt hear a data blast. Therefore, It would be better if 
the possibility of this latter type of error were mini- is 
mized. Especially since the possibility of this type of 
error Increases as the data rate Increases. 

To lessen the possibility of an erroneous detec- 
tion of the "data-and-analog" state while in the "data- 
only" state, some of the additional bits heretofore un- 20 
used in each control symbol, at data rates higher than 
4800 bps, are now utilized as "redundant" state iden- 
tifier bits. In particular, one additional bit per control 
symbol is used at data rates greater than 4800 bps. 
This provides an additbnal fourteen bits of Informa- 25 
tion, albeit redundant, to an SVD receiver. FIG. 6 
shows a simple lllustratton of this technique. While In 
the "data-only" state, data transmission can occur at 
data rates from 4800 bps to 14400 bps as provided by 
the signal spaces shown in FIG. 4. Each control synv 30 
bol therefore represents a number of bits that is a 
function of the currently selected signal space. This 
number of bits varies from bo to bs as shown in FIG. 
6. The data rate of 4800 bps provides the minimum 
number of bits per symbol - bo and bi. As the data rate 35 
increases, additional bits become available, e.g., one 
bit. 62, at a data rate of 7200 bps, and up to four bits, 
/>2 to bs, at a data rate of 1400 bps. In this illustrative 
embodiment, only one additional bit, e.g., b2> 's used; 
any additional bit capacity at the higher data rates is 40 
simply ignored. 

These fourteen bits are simply copies of the state 
identifier bit transmitted in the control segment of the 
current symbol block. The SVD receiver perfonms a 
"majority" vote of the fourteen redundant bits and the 45 
state identifier bit from the control segment to deter- 
mine the appropriate state for the next symbol block. 

Although at data rates higher than 4800 bps an 
additional redundant bit is used from the control sym- 
bols to protect against an erroneous decision by an so 
SVD receiver as to the state of the next symbol block, 
at the lower data rate of 4800 bps it is assumed that 
the integrity field of the control segment, combined 
with the spatial separation provided in the 4800 bps 
constellation, provides adequate protection of the 55 
state identifier bit. 

From FIG. 3, it can be seen that five control bits 
define the integrity field. In this example, the Integrity 



field represents the inverse of five other predefined 
control bits. These integrity bits are used to bolster 
the decoding of the control segment by an SVD re- 
ceiver. The five control bits 14 through 1 8 are protect- 
ed by the integrity field. These are the state identifier 
bit, the equalizer lock bit for the upcoming symbol 
block, and 3 bits that represent the most significant 
bits of adaptive gain. The SVD receiver uses biased 
voting to evaluate the Integrity bits. For example. If re- 
ceived adaptive gain bit is inconsistent with its re- 
spective integrity bit, the receiver uses the gain value 
that results in a lower volume to the audio speaker, on 
the premise that a brief reduction in volume more 
acceptable to the listener than an unexpected In- 
crease in volume. 

As shown in FIG. 3. the integrity field is located 
within the control segment, as opposed to being locat- 
ed at either boundary of the control segment, to in- 
crease the probability that a shift in timing will cause 
errors in the integrity field. An SVD receiver also 
keeps track of integrity errors over multiple symbol 
blocks as an Indicator of gross channel conditbns or 
loss of symbol counter synchronization (described 
below). Either of these conditbns causes the SVD re- 
ceiver to perform a retraining with the opposite SVD 
endpoinL 

As described above, it is advantageous to protect 
against the possible occurrence of an erroneous 
switch from one state to the other. In the analog para- 
meter field there is gain information for the voice sig- 
nal in the "data-and-analog" state. However, it is not 
necessary to provide any gain information In the 
"data-only" state since there is no voice signal. There- 
fore, additional protection can be provided against an 
erroneous switch from the "data-only" state to the 
"data-and-analog" state by providing dummy gain In- 
formation such that If an SVD receiver erroneously 
switches to the "data-and-analog" state the resulting 
amplification of the data signal, which appears as 
noise to a user, is low. 

Reference should now be made to FIG. 7, which 
shows a block diagram of transmitter 1 02 of SVD mo- 
dem 100 that embodies the principles of this inven- 
tion. Other than the inventive concept, the individual 
components of SVD modem 100 are well-known and 
are not described in detail. For example, CPU 105 is 
a microprocessor-based central processing unit and 
associated memory for storing program data. Also, it 
is assumed that the operating data symbol rate and 
the number of data bits per symbol in the "data-only" 
state are determined during the initial training and 
rate negotiation sequences, and by any retraining se- 
quences that occur between SVD modems 100 and 
300. Although it is assumed that the symbol rate does 
not change during a communications session, the 
number of data bits per symbol may also change In 
accordance with any of the well-known autorating 
techniques. 
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Telephone 20 provides a voice signal to voice en- 
coder 130. The latter provides a sequence of two-di- 
mensional signal points, at a predefined symbol rate 
of 1/Tsymbols persec.online 131. Each two-dimen- 
sional signal point represents a "voice signal vector" 
about the origin of a signal space (not shown). In ad- 
dition, line 104 conveys signaling to provide CPU 105 
with Information on the "off-hook" status of telephone 
20, and analog gain information for transmission to 
far-end SVD modem 300. As discussed above, the 
"off-hook" signal alerts CPU 105 when user 1 at tel- 
ephone 20 goes off-hook or on-hook so that SVD mo- 
dem 100 can select between the "data-only" state or 
the "data-and-analog" state as described above. CPU 
105 controls the selection of the appropriate signal 
space in scrambler and encoder 1 80 via the signal on 
line 124. 

DTE 10 provides a data signal to data buffer 125, 
which stores the data provided by DTE 10 for latter 
delivery to multiplexer (MUX) 140. Control buffer 120 
receh^es two signals on lines 107 and 118. The signal 
on line 118 represents any secondary data source. In 
fact secondary data source 60 represents the ability 
of SVD modem 100 to provide additional bandwidth 
for data communications albeit within the control seg- 
ment during the "data-only" mode of operation. Al- 
though shown for simplicity as an independent 
source, secondary data source 60 can be DTE 10. For 
example, control buffer 120 could be coupled to data 
buffer 125 to allocate this additional data bandwidth 
to DTE 10. In comparison, the signal on line 107 rep- 
resents the analog parameter information as defined 
in FIG. 3. It can be observed that while this embodi- 
ment sends a variety of different types of control in- 
formation, there is no requirement that any informa- 
tion peculiar to the SVD communicattons system be 
transmitted in the control segment. 

The state of SVD modem 100 is provided from 
CPU 105 to control buffer 120 via line 119. This rep- 
resents the value used by control buffer 120 for the 
state Indicator bit of the control segment. If SVD mo- 
dem 100 is in the "data-only" state, then control buffer 
120 multiplexes any analog parameter Information, if 
any, along with the secondary data to provide the 
control segment as shown in FIG. 3 for the "data-only" 
state. On the other hand, if SVD modem 100 is in the 
"data-and-analog" state, then control encoder 120 
provides the "data-and-analog" control segment, 
which only includes analog parameter informatton as 
provided by CPU 105 via line 107. Control encoder 
120 also generates the integrity field and, for signal 
spaces which accommodate It, duplicates the state 
Identif ier bit to provide the above-described redun- 
dancy when the data rate is greater than 4800 bps. 

Transmit counter 110 controls MUX 140, which 
provides either data or control Information to scram- 
bler and encoder 180. The latter includes any of the 
well-known encoding techniques like scrambling, trel- 



lls-codlng, etc., to provide the sequence of symbols 
on line 181 at a symbol rate, 1/7. The symbols are se- 
lected from one of the signal spaces shown In FIG. 4. 
The selection of the signal space is controlled by CPU 

5 105 via line 124. 

CPU 105 synchronizes transmit counter 110 in 
response to a training, or retraining, event between 
SVD modems 100 and 300. As is known in the art, 
both modems of a data connection typically perform 

10 a hand-shaking procedure that Includes a training se- 
quence to Initialize the equalizers and echo cancelers 
of each modem (not shown). The need to perfonm a 
retraining sequence is detected by the loss of syn- 
chronization. Loss of synchronization is detected be 

15 CPU 1 1 0 when the receiver of SVD nrKKJem 1 00 (dis- 
cussed below) indicates that too many Integrity field 
enrors have occurred over a number of received sym- 
bol blocks. 

Transmit counter 110 must be synchronized be- 

20 cause transmit counter 110 frames the symbol blocks 
by counting symbol periods. As described above, and 
shown in FIG. 2, each symbol block includes 70 sym- 
bols. Therefore, transmit counter 110 counts "modulo 
70." During the first 56 symbol periods, i.e., the data 

25 segment, transmit counter 110 controls MUX 140 to 
provide the data segment Information to scrambler 
and encoder 180. During the last 14 symbol periods, 
i.e.. the control segment, transmit counter 110 con- 
trols MUX 140 to provkle the control segment infor- 

30 mation to scrambler and encoder 1 80. 

Adder 135 adds each voice signal vector on line 
1 31 , if any, to a respective one of the symbols provid- 
ed by scrambler and encoder 1 80 to provide a stream 
of signal points to modulator 145. The latter functions 

35 in accordance with the well-known quadrature ampli- 
tude modulation (QAM) to provide a transmit signal to 
hybrid 148 for transmission to SVD modem 300 via 
PSTN 200. 

Receiver 103 of SVD modem 1 00 performs com- 

40 plementary functions to transmitter 102 described 
above and is shown in block diagram form in FIG. 8. 
Common elements In receiver 103 and transmitter 
1 02 have the same reference numeral, e.g., CPU 105, 
hybrid 1 1 5, etc. Hybrid 1 1 5 receives a transmitted sig- 

45 nal from SVD modem 300. via PSTN 200, and applies 
this received signal to demodulator 150. The latter 
provides a received signal point sequence to decoder 
190, which performs the inverse function of scram- 
bler and encoder 1 80 of transmitter 1 02 to provide an 

50 Information-bearing signal each symbol period to de- 
multiplexer (DEMUX) 155. Receive counter 175 con- 
trols DEMUX 1 55 via line 177. After a training, or re- 
training, event, as described above, CPU 105 resets 
receive counter 175 to begin counting modulo 70. Re- 

55 ceive counter 1 75 controls DEMUX 1 55 to apply the 
first 56 symbol periods of information to DTE 10 via 
line 11. This is the data segment. Then receive coun- 
ter 1 75 controls DEMUX 1 55 to apply the last 14 sym- 
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bol periods of information to control elenient 165. Re- 
ceive counter 175 repetitively continues this demulti- 
plexing of the received information stream until reset 
by CPU 105. 

As noted above, each SVD modem initially be> 
gins in the "data-only" state. Consequently, receiver 
1 03 assumes that the first symbol block received is in 
the "data-only" state. The state Indicator field of this 
first symbol block then determines the state of the 
succeeding symbol block, etc. 

Control element 165 provides CPU 105 with the 
value of the state indicator bit on line 167; any analog 
parameter Informatton on line 169; and an indicator if 
there was an error In the integrity field on line 159. 
Control decoder 165 performs the majority vote for 
any duplicate state indicator bits (as described above) 
when the data rate is greater than 4800 bps. Addition- 
ally, control decoder 165 processes the integrity field 
bits (as described above). Finally, control decoder 
165 provides any secondary data, via tine 168. 

In response to the informatk>n provided by con- 
trol decoder 1 65. CPU 1 05 performs a number of ac- 
tions. First, based on the value of the state indicator 
information, CPU 105 controls the signal space used 
by decoder 190 to decode the next symbol block via 
line 109. This allows receiver 103 to correctly demul- 
tiplex and decode the received signal point sequence. 
Next, CPU 105 adjusts any analog settings based 
upon the analog parameter Information, via line 172. 
In this embodiment, the analog parameter infonna- 
tion is only used by voice decoder 1 70. This allows re- 
ceiver 103 to easily adapt gain settings for the voice 
signal and other analog parameters (if any). Finally, 
CPU 105 generates a retrain based upon the cumu- 
lative statistics of the number of errors in the integrity 
field over a period of time. When a retrain event oc- 
curs, CPU 105 resets receive counter 175. It should 
be noted that CPU 105 also resets the receive coun- 
ter if a training, or retraining, sequence from the far- 
end SVD modem is detected by demodulator 150, 
which notifies CPU 105 via line 152. 

Voice decoder 170 provides the voice signal dur- 
ing the "data-and-analog" state to telephone 20. 
Voice decoder 170 is enabled during the "data-and- 
analog" state by CPU 105 via line 171. The signal on 
line 1 71 also enables ringer 1 95 to alert the user of an 
incoming voice call. Although shown as a "ringer" ele- 
ment, element 195 can equivalently be any alerting 
mechanism to get the attention of a user that a voice 
call has arrived, e.g., an audible tone through a 
speakerphone (not shown). Receive counter 176 pro- 
vides a synchronization signal to voice decoder 170 
so that the correct received symbol is subtracted from 
the received signal point sequence conveyed by line 
151. The received symbol sequence Is provided by 
line 191 of decoder 190. Voice decoder 170 includes 
buffering to accommodate any delays introduced by 
decoder 190 In decoding the received signal points. 



The above-described inventive concept thus al- 
lows for voice-activated data rate changes that can be 
relayed via an SVD side-channel, where both the data 
and control symbols are available to carry the voice 

5 signal. Another embodiment of a transmitter and re- 
ceiver is shown in FIGs. 9 and 10, respectively. FIG. 
9 is a block diagrem of the transmitter portion of an 
SVD modem and Is similar to FIG. 7 except that the 
respective signal spaces used for the data and oon- 

10 trol segments are different 

DTE 10 provides a data signal to data encoder 
525, which provides a sequence of two-dimensional 
signal points at the symbol rate, 1/7. These two-di- 
mensk)nal signal points are selected from one of the 

15 signal spaces shown in FIG. 4, which is controlled by 
CPU 105 via line 524. Each signal point is associated 
with a particular two-dimensbnat data symbol. Data 
encoder 525 includes any of the well-known encoding 
techniques like scrambling, trellis-coding, etc., to pro- 

20 vide the sequence of data symbols. 

Control encoder 520 receives two signals, as de- 
scribed above, on lines 107 and 119 and provides a 
sequence of control symbols on line 521 at the sym- 
bol rate, 1/7. Control encoder 520 functions in a sinv 

25 liar fashion to data encoder 525 and includes any of 
the well-known encoding techniques like scrambling, 
trellis-coding, etc., to provkle the sequence of control 
symbols. Similar to data encoder 525 above, these 
two-dimensional symbols are selected from one of 

30 the signal spaces shown in FIG. 4. These control sym- 
bols represent a control segment The state of SVD 
modem 100 is provided from CPU 105 via line 119. if 
SVD modem 100 is in the "data-only" state, then con- 
trol encoder 520 multiplexes any analog parameter 

35 information, if any, along with the secondary data to 
provide the control segment as shown in FIG. 3 for the 
"data-only" state. On the other hand, If SVD modem 
1 00 is in the "data-and-analog" state, then control en- 
coder 520 provides the "data-and-analog" control 

40 segment, which only includes analog parameter infor- 
mation as provided by CPU 105 via line 107. Control 
encoder 520 also generates the integrity field and, in 
the "data-only" state, duplicates the state identifier bit 
to provide the above-described redundancy when the 

45 data rate is greater than 4800 bps. 

Transmit counter 110, which counts modulo 70, 
controls multiplexer (MUX) 540, which provides the 
above mentioned symbol blocks on line 541 . CPU 1 05 
synchronizes transmit counter 110 in response to a 

50 training, or retraining, event between SVD modems 
100 and 300. During the first 56 symbol periods, i.e., 
the data segment, transmit counter 110 controls MUX 
540 to provide the data symbols from data encoder 
525 to adder 135. During the last 14 symbol periods, 

55 l.e., the control segment, transmit counter 110 con- 
trols MUX 540 to provide the control symbols from 
control encoder 520 to adder 135. Since transmit 
counter 110 switches MUX 540 between data encod- 
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er525 and control encoder 520, each of these encod- 
ers must include buffers to provide storage for any 
data accumulated during that period of time when the 
other encoder is providing symbols to MUX 540. 

Adder 135 adds each voice signal vector on line 
131, if any. to a respective one of the symbols provid- 
ed by MUX 540 to provide a stream of signal points 
to modulator 145. The latter functions in accordance 
with the well-known quadrature amplitude modula- 
tion (QAM) to provide a transmit signal to hybrid 146 
for transmission to SVD modem 300 via PSTN 200. 

Receiver 503, shown in FIG. 10, performs com- 
plementary functions to transmitter 502 of FIG. 9. Hy- 
brid 115 receives a transmitted signal from SVD mo- 
dem 300, via PSTN 200, and applies this received sig- 
nal to demodulator 1 50. The latter provides a received 
signal point sequence to demultiplexer (DEMUX) 555, 
which Is controlled by receive counter 175 via line 
177. After a training, or retraining, event, as described 
above, CPU 105 resets receive counter 175 to begin 
counting modulo 70. Receive counter 175 controls 
DEMUX 555 to apply the first 56 received signal 
points to data decoder 560. Then receive counter 175 
controls DEMUX 555 to apply the last 14 received sig- 
nal points of the received symbol block to control de- 
coder 565. Receive counter 175 repetitively contin- 
ues this demultiplexing of the received signal point 
stream until reset by CPU 105. 

Control decoder 565 provides CPU 105 with the 
value of the state indicator bit on line 167; any analog 
parameter Information on line 169; and an indicator if 
there was an error in the integrity field on line 159. 
Control decoder 565 performs the majority vote for 
any duplicate state indicator bits (as described above) 
when the data rate is greater than 4800 bps. Addition- 
ally, control decoder 565 processes the integrity field 
bits (as described above). Finally, control decoder 
565 provides any secondary data, via line 168. 

In response to the informatron provided by con- 
trol decoder 565, CPU 105 performs a number of ac- 
tions. First, based on the value of the state indicator 
information, CPU 105 controls the signal space used 
by data decoder 560 and control decoder 565 to de- 
code the next symbol block via line 109. This allows 
receiver 503 to conrectly demultiplex and decode the 
received signal point sequence. Next, CPU 105 ad- 
justs any analog settings based upon the analog 
parameter information, via line 172. Finally, CPU 105 
resets receive counter 175 in response to a training, 
or retraining, event as described earlier. 

Both data decoder 560 and control decoder 565 
perform the inverse of the coding functions of data 
encoder 525 and control encoder 520, respectively. 
Voice decoder 570 provides the voice signal during 
the "data-and-analog" state to telephone 20. Voice 
decoder 570 is enabled during the "data-and-analog" 
state by CPU 105 via line 171. Receive counter 176 
provides a synchronizatton signal to voice decoder 



570 so that the correct received symbol is subtracted 
from the received signal point sequence conveyed by 
line 151. Voice decoder 570 includes buffering to ac- 
commodate any delays introduced by data decoder 
5 1 60 and control decoder 1 65 in decoding the received 
symbols. 

An SVD symbol block conveys either synchron- 
ous data, or asynchronous data, streams. However, 
the use of an SVD symbol block makes It possible to 

10 send "raw" asynchronous data (defined below) with- 
out sending the start and stop bits of this data. The 
start and stop bits are removed after a character is re- 
ceived from the DTE and restored at the other end of 
the circuit before sending the character to the DTE. 

15 The framing provided by the SVD block coding Is 
used to preserve the character boundaries so that 
they can be properly reconstructed at the receiving 
end of the link. The ability to send asynchronous for- 
matted data without the start and stop bits provides 

20 a significant improvement In the overall responsive- 
ness of the system and effectively increases the 
available data bandwidth by 25%. 

The term "raw" asynchronous data means that 
the modem is configured so that the modem's own er- 

25 TOT control and data compression capabilities are not 
used. In this mode, commonly referred to as "buffered 
mode," characters received from the DTE are sent bit 
for bit to the other modem. Because flow control 
mechanisms are still available, the data rate between 

30 the DTE and the modem can be different from the 
rate used over the PSTN line, however the data con- 
tent of the two data streams are identical. 

In this embodiment, this raw data mode is en- 
abled by CPU 1 05 in response to DTE 10 provkJing a 

35 "buffered mode" command. As in known In the art, 
data terminal equipment, like DTE 10, can configure 
or control various options in a modem, like SVD mo- 
dem 100, by putting the modem in a "command 
mode." During the command mode of operation, the 

40 modem interprets data from the data terminal equip- 
ment as instructions for the nnodem. A user of a mo- 
dem may enter the command mode in a number of 
ways, e.g., by applying power to the nrKKJem, or by 
sending to the modem a predefined sequence of 

45 characters, like "+++■ as defined in the "AT command 
set." For the purposes of this discussion, SVD modem 
100 provides a command mode that is similar to the 
"AT command set." 

Referring back to FIG. 7, after receiving the buf- 
50 fered modem command, CPU 105 of SVD modem 
100 provides not only the current state Identifier to 
data buffer 125, but also uses line 123 to provide a 
signal to data buffer 125 to strip the start and stop bits 
from any data provided by DTE 10. One bit from the 
55 analog parameter field Is then used to identify this 
raw data mode to specify that the next data segment 
includes raw data. As a result, receiving SVD modem 
300, upon detecting this Information in the analog 
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parameter field, then controls DEMUX 155 to recon- 
struct the data bytes by adding the start and stop bits 
before sending the data to DTE 10. 

This data transfer configuration nnay be per- 
formed for use by "telegraphies" programs which are s 
PC applications that are designed for efficient trans- 
fer of graphical information over PSTN circuits. These 
programs must communicate with the modem using 
asynchronous data formats because personal conv 
puters are not equipped with the interfacing hardware io 
needed for more bandwidth-efficient synchronous 
transmission. 

For an SVD symbol block In which the number of 
data symbols is an Integral number of eight, no addi- 
tional framing information Is needed since, regard- is 
less of the number of data bits per symbol, each block 
contains an integral number of octets derived from 
asynchronous characters by stripping the start and 
stop bits. However, for an SVD symbol block in which 
the number of symbols is not an integral multiple of 20 
eight, a "super-frame" structure is required. This re- 
quires reserving at least one bit of the available "ana- 
log parameter bits" (or some unique pattern of these 
bits) to periodically mark the beginning of the super- 
frame. 25 

As described above, a voice-activated data rate 
change Is signaled by the state of the local switch- 
hook. This state information is subsequently commu- 
nicated to a far-end SVD modem via the state indica- 
tor bit of the command segment An alternative ap- 30 
proach to the use of a side-channel would be to com- 
municate this status Informatbn as part of a training, 
or retraining, event In particular, when a local SVD 
modem detected an off-hook signal from the local tel- 
ephone, the local SVD modem would then signal a re- 35 
train to the far-end SVD nradem. The retrain signal 
would include a predefined bit pattern to signal the 
far-end modem that, unlike a normal retraining event, 
this retrain is only to switch data rates because of the 
presence of a voice signal. 40 

The foregoing merely illustrates the principles of 
the invention and It will thus be appreciated that those 
skilled in the art will be able to devise numerous al- 
ternative arrangements which, although not explicitly 
described herein, embody the principles of the inven- 45 
tion and are within Its spirit and scope. 

For example, although the invention is illustrated 
herein as being implemented with discrete functional 
building blocks, e.g., encoders, decoders, transmit- 
ter, etc., the functions of any one or more of those so 
building blocks can be carried out using one or more 
appropriate programmed processors, e.g., a digital 
signal processor. 

In addition, the analog signal is not limited to a 
voice signal, any analog signal can be used, e.g., 55 
even another data-bearing signal. The order of the 
control and data segments does not matter, and the 
inventive concept is applicable to any N-dlmensional 



signal space. Other techniques can be used to select 
the appropriate signal space as a function of the state 
of an SVD modem, e.g., detecting the presence of 
voice energy from the telephone. Also, the Integrity 
field is not limited to an inverse bit technique, other er- 
ror detection schemes, like parity, can be performed 
on a portion, or ail, of the control segment Finally, 
while FIG. 1 illustratively coupled simultaneous voice 
and data modem 100 to DTE 10 and telephone 20 via 
local loop 101, the Inventive concept is also applica- 
ble to other communications environments like cellu- 
lar. 



Claims 

1 . A method for chang Ing a data rate of a simultane- 
ous voice and data modem, the method compris- 
ing the steps of: 

transmitting a data signal at a first data 
rate; and 

changing from the first data rate to a sec- 
ond data rate in response to detecting a voice sig- 
nal; 

where the second data rate is less than the 
first data rate. 

2. The method of claim 1 further comprising the 
step of transmitting to a far-end modem side- 
channel infomnation representing whether the 
voice signal has been detected. 

3. The method of claim 1 further comprising the 
step of transmitting to a far-end modem a retrain- 
ing signal representing whether the voice signal 
has been detected. 

4. The method of daim 1 wherein the step of chang- 
ing includes the step of detecting an off-hook sig- 
nal. 

5. The method of daim 4 wherein the off-hook sig- 
nal is provided by a telephone set coupled to the 
simultaneous voice and data modem. 

6. Apparatus for changing a data rate comprising 
the steps of: 

means for transmitting a data signal at a 
first data rate, where the data signal is represent- 
ed by a stream of data symt>ols selected from a 
first signal space, the data symbols having k bits 
per symbol; 

means for detecting an off-hook signal; 

and 

means for selecting a second signal space 
wherein the data symbols have; bits per symbol 
and j<k, wherein the data signal is now represent- 
ed by a stream of data symbols selected from the 
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second signal space. 

7. The apparatus of daim 6 further including: 

means for encoding a voice signal to pro- 
vide a stream of signal points subsequent to the s 
detection of the off-hook signal; and 

means for adding the stream of signal 
points to the stream of data symbols selected 
from the second signal space to provide a stream 
of data plus voice signal points; io 

wherein the means for transmitting now 
transmits the data plus voice signal points. 
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